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INTRODUCTION. 
Ammonium ions are one of the sources of nitrogen in ihe plant world. 
However, many higher plant species exhibit toxicity symptoms under excessive 
ammonium nutrition. An example of this effect was reported by Maynard 
et al. (42) in 1965 when the Heinz 1350 tomato variety was shown to develop 
dark brown lesions on the stem surface with ammonium sulfate fertilization. 
In further work, 36 tomato lines were screened for varietal susceptibility 
and found to vary in their response to ammonium nitrogen (43). None were 
completely resistant to lesion formation. Barker et a!. (10, 11) studied the 
role of potassium in relation to the tomato stem lesions and looked at the 
anatomical characteristics of the lesion area. They found potassium to 
moliify the effect of the ammonium ion and that the lesion area contained 
an appreciable amount of unknown crystal line-like substances. Nevertheless, 
a more direct relationship to the cause of the lesion symptom, other than the 
ammonium potassium ratio (11), lias remained obscure. 
With the lack of immunity to stem lesion formation within the tomato 
cultivars tested, this study was initiated on a broader horizon and recognizes 
the limitations imposed by using different genera. The goal of this project 
was to determine a direct cause of lesion formation and link it to plant 
metabolism in a susceptible end tolerant species. 
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LITERATURE REVIEW 
The Solanaceae 
The Solanaceae are a great family abounding in the tropics. They are 
chiefly distributed in South America but are represented world wide in the 
temperate and warm regions. Also, called the nightshade family by Dailey (7), 
it is comprised of some 75 genera that include 2000 species. The largest genus 
is Solanum which contains almost half of the species in the family (52). The 
plants are mostly herbaceous, sometimes climbing, and occasionally woody. 
Many of the plants contain poisonous alkaloids whereas others yield important 
drugs or foodstuffs. For example, Atropa belladonna is the source of atropine, 
an intense poison with medicinal properties, and Solanum tuberosum is the 
Irish potato. 
Ammonium Metabolism 
Following the discoveries that nitrogen is an essential element for plant 
arov/th and that plants can utilize nitrogen in either the ammonium Ci nitrate 
form, literature has accumulated that concerned a species preference for either 
ammonium or nitrate nitrogen. Pardo (50) has reviewed the earlier literature 
end found varying reports regarding the preference of species in the Solanaceae 
family. Potato, tobacco, and tomato have been tested and the results varied 
with each experimenter. No definite conclusion could be reached regarding 
the response to ammonium nutrition. 
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Much of the earlier work must be viewed with caution because of the 
toxicity of ammonical niirogen. If the nitrogen level in an experiment were 
high enough, the ammonium nitrogen would inhibit growth and nitrate would 
be considered best whereas at a lower level of nitrogen ammonium and nitrate 
might be equally good sources of nitrogen. It is possible that a species response 
to ammonium or nitrate might be directly related to a tolerance mechanism 
toward the ammonium ion. 
There are a few species which grow better on ammonium nutrition (85). 
The Ericaceae are unique in this respect (20, 26). Their survival is directly 
linked to their ability to utilize ammonium nitrogen under acidic conditions. 
Onions exhibit some tolerance toward the ammonium ion (41). Growth is not 
greatly restricted at high ammonium levels, and rhere is very lirtle stimulation 
of growth resulting from a neutralization of the pH in the root medium. This is 
because the free ammonium is detoxified to organic nitrogenous forms in fhe 
roots and stored in the bulb. Only a relatively small amount of free ammonium 
enters leaf tissue. 
McKee (44) and Street and Sheaf (70) have published recent reviews of 
nitrogen metabolism that elucidate seme of the other conditions influencing 
nitrate or ammonium utilization. One of these is the pH of the culture medium. 
Tomato plants have a higher nitrate absorption rote than ammonium absorption 
rate at pH 4.0. At pH 7.0 the reverse is true with ammonium absorption 
greater than nitrate absorption (22). Excised tomato roots exhibited optimum 
growth on nitrate at pH 4.7 - 4.9 and at pH 7.0 - 7.2 with ammonium 
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nutrition (59). Because of differential ion accumulation (AT), growth in a nitrate 
medium results in an alkaline pH drift whereas a drift toward more acidic con¬ 
ditions occurs when an ammonium salt is the source of nitrogen. Clark and 
Shive (23) report that the nitrate or ammonium content of tomaro plants did not 
vary with different absorption rates so that the pH which favored most rapid 
absorption also favored most rapid assimilation. Weissmann (86) concludes 
that since growth in an ammonium medium increases with increasing pH, 
ammonium absorption v/ould be in the form of NH^.OH molecules. He found 
growth on a nitrate media to be independent of pH. 
!n water culture experiments, aeration increases the uptake of both nitrate 
and ammonium (6,60). The increase is more pronounced in the case of 
ammonium (4). Gilbert and Shive (30) confirmed the observation that nitrate 
cultures require less oxygen than ammonium or non-nitrogen cultures. It was 
suggested that under oxygen stress the nitrate ion could be used as a source 
of oxygen for respiration. This "nitrate respiration" has been found. The 
facultative anaerobe Escherichia coli is one example of an organism with a 
capacity for "nitrate respiration" (36). Another beneficial effect derived from 
aeration of ammonium culture.solutions is that aeration will remove ammonia 
from the solution. Ammonia has been repx^rted to inhibit water uptake (71) 
which would restrict growth. 
Plants grown on ammonium nutrition have a lower base content. This is 
reflected in decreased calcium, magnesium, and potassium concentrations (5, 81). 
Arnon (5) found that both aeration end manganese were effective in raising the 
base content of barley plants grown on ammonium nutrition at pH 4.0. There is 
a close relationship between ammonium and potassium due partly to their similar 
hydrated radii (88). It has been shown that the presence of ammonium in the 
sell in sufficient concentration will decrease the available potassium supply from 
soil reactions (11). However, a small amount of ammonium has been shown to 
increase the potassium supply because of the ease with which ammonium v/ili 
displace potassium in soil exchange reactions (45). The influence of potassium 
on nitrogen metabolism will be discussed in detail below. 
Street and Sheat, in their review article (70), indicate that the age of 
a plant may influence its nitrogen metabolism. Clark and Shive (22) reported 
that in young tomato plcnts ammonium absorption was greater than nitrate 
absorption. Naftel (4-6) found the same thing in young cotton plants but aiso 
reported that in older cotton plants nitrate utilization was greater than ammonium. 
Chandler (21) reports this same finding for corn. These results suggest that the 
stage of development of a plant may alter its nitrogen metabolism. Nitrate 
utilization is dependent upon the activity of the nitrate-reducing system. 
Its development in the rapidly expanding root system after germination would 
explain the increased nitrate utilization. 
Growth on either nitrate or ammonium salts influences the assimilatory 
products of nitrogen metabolism. Weissmann (87) grew sunflowers on nitrate . 
or ammonia and monitored the exudate composition. When nitrate was supplied 
most of the nitrogen in the exudate was inorganic. Under ammonium nutrition 
most of the exudate nitrogen was organic in nature. Most of the nitrogen was 
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accounted for by the amides, glutamine and asparagine. The amino acid content 
was very low with alanine, arginine, leucine, serine, and valine the most 
predominant under ammonium nutrition, y-Aminobutyric acid, aspartic acid, 
glutamic acid, and lysine were present in the greatest amounts with nitrate 
as the nitrogen source. Pate and Wallace (51) conducted a similar experiment 
with field peas. Under ammonium nutrition 99.9% of the nitrogen in the 
exudate was in an organic form. The predominant component was the amides 
which accounted for 58% of the exudate nitrogen. When nitrate was supplied 
54% of the nitrogen v/as in the nitrate form. Only 27% was converted to amides. 
In a spectrum of amino compounds they found asparagine to predominate regard¬ 
less of nitrogen form. Margolis (40) studied the ninhya'rin reactive compounds 
present in an 80% ethanol extract of tomato leaves. With nitrate nutrition 53% 
of the total nitrogen was in glutamic acid and glutamine. Asparagine was not 
detectable. Asparagine increased to 30% of the total nitrogen with glutamine 
accounting for another 36% with ammonium nutrition. Barker and Bradfield (9) 
found asparagine as the predominant amino acid in 5 week old corn plants. 
Increases in the portion of nitrogen supplied as ammonium raised the relative 
contents of asparagine at the expense of aspartic acid and glutamic acid. 
Cummings and Teel (27) report that nitrogen fertilizer increased the concen¬ 
trations of mala'e and all nitrogen fractions in orchardgrass. 
Workers have traced the assirr.ilatory pathway of the ammonium ion. 
Cocking and Yemm (24) used N to study the synthesis of amino acids, amides, 
and protein in barley. Soluble amides and amino acids, especially ' jtamine 
/ 
and glutamic acid, were highly labelled, indicating a rapid synthesis of these 
compounds. Subsequently, the label appeared in protein. Glutamine and 
glutamic acid were labelled in both the amide and amino groups. Secondarily 
labelled amino acids v/ere postulated to be the products of transamination and 
interconversion. Under rapid ammonium assimilation over 80% of the nitrogen 
metabolized can be recovered in the form of glutamine (91)." Styretr (73) 
supplied ammonium to nitrogen starved cells of Chlorella vulgaris and found 
it rapidly assimilated into other compounds. During the first 20 minutes the 
ammonium was in the free or combined amino- and amide-nitroaen fractions. 
Later this portion decreased v/ith the synthesis of appreciable quantities of 
basic amine acids; arginine v/as the most abundant. The basic amino acids 
in an uncombined state formed an important part of the soluble nitrogenous 
pool. 
Nitrogen assimilation is associated with high respiration rates and the 
concomitant reduction in carbohydrate content (73 , 89, 91). Ammonium 
stimulated the greatest and fastest increase in COg production and O2 
consumption (13, 14, 74). Styrett (74) found that nitrogen starved cells of 
Chlorella vulgaris assimilated ammonium 4 times faster than nitrate at pH 6.1 
and rhat ammonium assimilation ceased when the cells had apparently depleted 
their available carbo'nydrate supply. Barker et al. (14) noted this respiration 
effect in been leaves. When excised leaves had been crown on ammonium 
w 
nutrition the rate or Og consumption v/as higher than when nitrate was the 
source of nitrogen for die leaf. COy evolution rates v/ere equal. There was 
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c stimulation of both C>2 consumption and C.C>2 evolution when either on 
ammonium or nitrate solution was supplied through rhe petioles. Ammonium 
was metabolized much more rapidly than nitrate. These workers postulate 
that the results are consistent with the theory of nitrate metabolism with 
respirator)' reductant whereas in ammonium metabolism molecular O2 is the 
primary oxidant. 
Ammonium Toxicity 
Normal plant metabolism maintains a very low level of intracellular free 
ammonium. When the supply of ammonium ions to the plant is not large, they 
are combined in organic nitrogenous compounds without any adverse ef'ect. 
However, under prolonged periods of ammonium nutrition the normal reactions 
which incorporate ammonium into non-toxic forms occur at the expense of 
other compounds necessary for cellular metabolism. Note, for example, the 
aforementioned depletion of carbohydrate reserves (73 , 89, 91). 
When the norma; detoxification reactions are insufficient to maintain 
\ 
the in vivo ammonium concentration at a low level free ammonium can 
accumulate. This accumulation is net normal for plant metabolism. It can 
and does Induce many physical and biochemical changes in cellular metabolism 
that are mostly degradative. There are two sources of ammonium which contribute 
to toxic accumulations. One is the absorption of exogenously applied ammonium 
salts which has been discussed. In addition. Barker et a!. (16), using on N ^ 
label, found that a substantial portion of the free ammonium and amino fractions 
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which accumulated in ammonium toxic bean plants came from the endogenous 
nitrogen supply. This indicates a significant amount of protein catabolism. 
Regardless of the source of the ammonium, when it accumulates cellular 
functions are affected. Respiration is inhibited. Vines and Wedding (80) 
have studied the respiratory inhibition in several tissues. They attribute the 
inhibition to the ability of the ammonium hydroxide molecule to specifically 
block the oxidation of NADH. This would block the electron transport system 
and thwart oxidative phosphorylation. In isolated mitochondria the oxidation 
of NADH was inhibited as much as 50% by 4 x 10"'5 M ammonia. 
Several workers have reported the effects of ammonium on photosynthesis. 
Krogmann et al. (38) found ammonium to be an effective, reversible uncoupler 
A Q 
of photosynthetic phosphorylation at 6 x 10 to 4 x 10 M. Gibbs and 
Calo (29) noted that ammonium inhibited carbon dioxide fixation in isolated 
spinach chloroplasts while the inhibition of photosynthesis in vivo was 
demonstrated by supplying ammonium to bean leaves via the roots or excised 
petiole (13). Since the symptoms of ammonium toxicity, yellowing and necrosis, 
indicated a disruption of chloroplasts, Puritch and Barker (53) conducted an 
ultrastructural comparison of chloroplasts from norma! and ammonium treated 
tomato plant leaves. They found photosynthetic inhibition to be correlated 
with a degeneration of chloroplcstic membranes. Considering the effect that 
ammonium has on protein structure (8, 67;, the disruption of the chloroplast 
membranes may be due to an adverse effect on their proteinaceous component. 
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There is evidence that ammonium can affect protein metabolism by altering 
the physical and chemical structure of proteins. Sorgcr et al. (67) reported a 
specific effect of potassium on the pyruvic kinase enzyme. When potassium was 
replaced by other univalent cations, among them ammonium, trie immune- 
electrophoretic behavior was altered. This accompanied a decrease in activity. 
The authors concluded that univalent cations altered the tertiary structure of 
pyruvic kinase. Barker (8) observed a direct effect of ammonium on the NH 
stretching mode in bovine serum albumin and equine and bovine alpha-globulins. 
The hydrogen bonding of ammonium was detected with infrared spectroscopy and 
caused a variation in the NH stretching mode of the proteins at 3300 cm"'. 
Salts which did not hydrogen bond did not cause the pertubation which could 
be reduced by mixing KCI with NH^CI. Barker also reported that the ammonium 
interaction decreased the heat stability, specific viscosity, and tryptic 
digestion of alpha-globulins. Me concluded that the ammonium interaction 
caused a deflation in the tertiary protein structure. While the relevancy of 
v 
these changes to in vivo conditions remains to be explained the decrease in 
tryptic digestability does not coincide well with Barker's earlier results showing 
that much of the free ammonium and amino acids which accumulate during 
ammonium toxicity come from an endogenous source and his implication that 
protein catabolism may be the source oHhese. 
Protein composition can be affected by the ammonium ion through protein 
synthesis. Protein turnover rates in plant leaves are rapid (18, 33, 3.5, 54, 69) 
so that proteins attain a state of dynamic equilibrium (54). Bidwell et ai. (18) 
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supplied heavily iabeiled sucrose, glutamine, or asparagine to carrot culiures 
Gild followed the fate of the label. They found that sucrose or glutamine 
labelled a much wider range of protein amino acids than did asparagine. 
During ammonium toxicity there is a rapid synthesis of amines, especially 
asparagine. Since asparagine labelled only a narrow range of amino acids 
in protein it is conceivable that an amino acid not labelled by asparagine 
could become depleted so that a full complement of protein amino acids 
would not be available for protein synthesis. In addition, carbohydrate 
reserves are depleted during ammonium toxicity and these provide carbon 
skeletons for amino acid synthesis,. The manifestation of these two related 
observations might be restricted protein synthesis. 
The Effect of Potassium on Metabolism 
In addition to the specific role of activation of the enzyme in the 
pyruvate kinase reaction (28), there is evidence for the involvement of potassium' 
in other phases of cellular metabolism. Ozbun et al. (49) found that incipienr 
potassium deficiency accelerated the respiratory rate of mature bean leaves in 
lighi or darkness. Only during a severe deficiency was photosynthesis decreased, 
and this v/as concomitant v/ith chlorophyll breakdown. Okamoto (43) found the 
same effect for glycolsis and the Kreb's cycle in taro roots. He also found a 
higher concentration of $olub!e-N, amino-N, and reducing sugars in potassium 
deficient roots. The increased quantity of soluble nitrogen compounds was found 
by other workers (31, 55, 79). Adams and Sheard (1) and Wall (8?) report hlghei 
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percentages of ammonium nitrogen in potassium deficient plants and Wall suggests 
that nitrogen metabolism may be affected before carbohydrate metabolism. 
Potassium deficient plants have a lower protein content (32, 76) and there is 
evidence that this may be due to the function of potassium in protein synthesis 
(32, 82, 83, 84). 
It has been suggested that proteolysis is more rapid in potassium deficient 
plants (56) but critical experiments on the digestibility of proteins in the presence 
and absence of potassium have not been reported. It has been shown that uncoiled 
(17) or more loosely organized (8) protein configurations are more susceptible to 
hydrolysis. Sorger et al. (67) demonstrated the ability of potassium to influence 
the configuration cf an enzyme activated by potassium but were unable to extend 
this finding to enzymes activated by divalent cations. They did not subject the 
protein precipitates to hydrolysis. 
Hendricks (34) suggests that the binding of potassium to proteins explains 
the large potassium requirement for growth. The failure of potassium to influence 
the configuration of enzymes activated by divalent cations refutes this concept. 
One of the most unique results of potassium deficiency is the accumulation 
of the toxic diamine, putrescine. Putrescine was identified by Coleman and 
Richards (25) who isolated it from wheat, barley, and red clover. The application 
of putrescine produced symptoms analogous to potassium deficiency symptoms. 
More recently, Samish and Hoffman (53) have found the putrescine level of fruit 
trees io be a better indicator of the potassium status than either potassium concen¬ 
tration in leaf samples or the appearance of potassium deficiency symptoms. 
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Smith and co-workers (63, 64, 65) have shown the biosynthesis of putiescine to 
be from arginine as shown in Figure 1, Arginine and agmatine caused an increase 
in putrescine level (65). L-arginine carboxy-lyase activity v/as higher in 
potassium deficient plants (63) as v/as N-carbamyIputrescine amidohydrolase (64). 
Sinclair (62) studied the effects cf calcium, magnesium, manganese, phosphorus, 
potassium, and sulfur deficiencies and found the entire pathway to be activated 
only in potassium deficiency. Amidohydrolase was the only enzyme activated 
by potassium deficiency. It has also been found that the pathway can be 
activated in vivo by supplying HCI or h^SO^ (0.025 N) to barley seedlings. 
This occurred without a change in the pH of expressed sap (66). 
The diamines are nitrogen rich compounds that have not been studied in 
plants subjected to excessive ammonium nutrition. With the known relationship 
between ammonium and potassium, putrescine accumulation may be a factor 
in toxicity. 
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An Outline of the Soianaceae Alkaloids 
The alkaloids are a vaguely defined class of plant compounds named for their 
"alkaiie-like11 or basic nature. However, this basicity is a characteristic common 
to organic nitrogen compounds derived from ammonia. The simple or straight- 
chain amines are considered a class apart from alkaloids but with increasing com¬ 
plexity the line betv/een amine and alkaloid becomes indistinct (57). Chemical 
classification is based on their carbon-nitrogen skeletons and except for an increase 
in complexity the alkaloids show no differences from simplier compounds with the 
same functional groups. 
Physically, most alkaloids are colorless, crystalline solids. A few, including 
nicotine, are liquids at room temperature and some are colored. Generally they 
are soluble in an acidic solution or organic solvent. Many alkaloids are optically 
active but rarely occur in racemic mixtures. This is *-aken as evidence, if only 
in part, of enzymatic catalysis. Because of their basic nature they occur as 
cations dissolved in plant sap and form salts with organic acids (57). 
The distribution of alkaloids in nature is unusual. Higher plants contain the 
greatest amounts but alkaloids are also found in the club mosses (Lycopodiaceae), 
horsetails (Equisetaceae), crd fungi (Ascomycetes). Among the angiosperms, 
dicotyledons contain the greatest variety of alkaloids and it has been estimated 
that 10-20% of cl I plant species contain clkaloids (37). 
Related plants frequently contain similar alkaloids; this is the case in the 
Soianaceae family. Tobacco alkaloids are probably the most well studied alkaloids 
and typically contain a pyridine ring attached to o pyrrolidine or piperidine ring 
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(39, 57, 92). The Solarium genus, however, has some of the most complex 
alkaloids. These alkaloids are C27 carbon skeletons in a sterodial co 
and have a glycoside component (44). Linking ail of the Solanaceae is the 
presence of nicotine in varying degrees. It is a predominant alkaloid in tobacco 
(Nicotiana). 
Most of the alkaloid research has concerned itself with “the isolation, 
characterization, and biosynthesis of these compounds. Their physiological 
role or roles have not been v/e 11 studied and remain obscure. Workers have 
tried to assign a physiological role for the alkaloids which would cover all 
of the alkaloids but this has not been accomplished. Alkaloids have been 
considered to confer protection against attack by animals, insects, fungi, and 
parasitic angiosperms (44). There is some evidence to support this theory but 
it is hardly considered a general function to the alkaloids. Many plants which 
are rich in alkaloids are very susceptible to disease or insect damage. Tobacco, 
with its high content of nicotine and anasbasine, is a good example. 
it has been suggested thai alkaloids function as nitrogen reserves (44). 
However, their carbon : nitrogen ratio is very high and they are deposited in 
only small amounts. The aikaloida! concentration of plants increases with 
nitrogen fertilization, especially when ammonium sulfate is the source of 
nitrogen (37). Alkaloid biosynthesis readily incorporates free ammonium (57) 
and this leads directly to the postulate that alkaloids may be detoxification 
products. There is no experimental evidence to support this function and, 
in opposition, MtcKee (44) cites the massive amount of carbon needed to utilize 
nfiguration 
16 
a small amount of ammonium. This is certain!'/ true in the case of a high 
molecular weight alkaloid with a high carbon : nitrcgen raiio. However, if 
the carbon : nitrogen ratio and the molecular weight were lower a detoxification 
function might be reasonable. Nicotine has these qualities with a molecular 
v/ I 
weight of 162.23 and a carbon : nitrogen ratio of 5. Its presence in varying 
degrees throughout the Solanacece family coupled with the ability of its bio¬ 
synthetic pathway to utilize the toxic diamine, putrescine (39), provides the 
basis for an experimental study in which a detoxification function for nicotine 
might occur. Detoxification need not be a universal function of all alkaloids. 
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M A T ERIALS AND METHODS 
Plants and Cultural Practices 
Several plants in the Solanaceae wilh a horticultural or agronomic, 
significance were used in this study. They are listed below with the common 
names and commercial variety: 
Capsicum frutescens Var. grossum. Bailey, Sweet Pepper cv. Staddon's Select 
Lycopersicon esculentum. Mill, Tomato cv. Heinz 1350- 
Nicotiana Tabacum, L., Tobacco cv. Havanna Leaf K*-r 
Petunia hybrida, Vilm., Petunia cv. Maytime0 
Solanum Melongena Var. esculent urn, Nees, Eggplant cv. Black Beauty - 
All plants were grown in the greenhouse in soil culture. Seeding*, during the 
spring of 1963, were spaced so that a!! plant material v/as of simMar physiological 
age when tested. Treatments began after the plants were established in 6-inch 
clay pots containing a soil mixture composed of soil, peat, and sand in the ratio 
7:3:2 by volume with the addition of 2 ounces of 20% superphosphate and 
2 ounces of magnesium limestone (28.5% Co and 4.5% Mg) per bushel of cotring 
soil. 
1 
^Joseph Harris Company, Inc., Rochester, New York 
^University cT Massachusetts, Amherst, Massachusetts 
^Geo. J. Ball, Inc., West Chicago, Illinois. 
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At the start of a treatment period the plants, within a species, were 
selected for uniformity end arranged in a randomized complete bloc': design 
with 5 replications. Treatment solutions were made fresh daily by dilution of 
0.5 molar stock solutions of (NH^^SCbj and KCI to the treatment levels noted 
in the individual experiments. Each plant or pot received 150 ml of treatment 
V 
solution daily for a period of 3 weeks. 
Analytical Methods 
Sampling. Upon termination of the treatment period the plan's were 
harvested and the fresh weight of the shoot recorded. A random, 10 gram 
sample of leaves was obtained from non-necroiic plant tissue if possible. 
This sample was stored at ~20CC in the freezer until analyzed. The remainder 
of the plant shoot v/as dried in a forced draft oven at 70°C. In the experiment 
where parts of a tobacco stem were sampled, a 10 gram pith sample was obtained 
with the aid of a corkborc** and 10 grams of the externa! stem tissues were 
sampled by removing the stem pith from the vascular ring. 
Extraction of soluble nitrogen fractions. Soluble nitrogen was extracted 
with 70% ethanol. The 10 gram frozen sample was homogenized for 5 minutes 
in 100 ml of 70% ethanol. A small amount of Celite filter-aid was added end 
the mixture filtered ihrough Whatman No. 31 paper under suction. The residue 
was washed with an additional 300-350 ml of 70% ethanol and the entire 
filtrate mode up to volume with 70% ethanol in a 500 ml volumetric flask. 
Fifty ml aliquots were then removed for the determination of amino-nitrogen. 
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potassium, and diamines. After removal of the aliquots, all samples v/ere 
evaporated to dryness under a hood. Chloroform was added whenever necessary 
to prevent the growth of micro-organisms. 
Nitrogen determinations. Ammonium and amide-nitrogen samples were 
prepared and assayed by a modified Kjeldahl procedure (12). The samples to be 
assayed for the relative amount of amino-nitrogen were prepared by the method 
of Barker and Volk (12) but the nirihydrin reaction was completed by the pro¬ 
cedure suggested by Yemrn and Cocking (90). The reactants in the Yernm and 
Cocking procedure are more stable and give better reproducibility than the 
conditions employed by Barker and Volk (12). This assay must be relative 
because of the incompleteness to which asparagine reacts with nirihydrin. 
Since asparagine is a dominant amino acid in plants grown on ammonium 
nutrition the amino-nitrogen determination was made with reference to a 
standard curve constructed from a source where 50% of the amino-nitrogen 
was in asparagine. 
Total nitrogen was determined from the. dried plant material that had 
been ground in an intermediate Wiley mill to pass a 2C mesh screen. Two- 
hundred milligrams of the dried, ground material was analyzed for nitrogen 
using a Kjeldahl method (72). The ammonia in the digested sample was 
distilled into 2% boric acid and titrated with N/70 HCI. The indicator used 
was an ethanoiic solution of 0.2% methyl red and 0.2% methylene blue 
mixed in the ratio of 2 : 1 (v/v) with a gray end-point. The indicator v/as 
added to the boric acid immediately before distillation. 
20 
^Qj-Gssium determinations. When potassium was assayed on a fresh weight 
basis it was read directly from the Gqueous phase of the amino-nitrogen preparation. 
All potassium determinations were made on a Perkin Elmer Atomic Absorption 
Spectrophotometer (Model 290). When potassium was determined on a dry weight 
basis, 100 mg of dried, ground plant material w'as placed in a 50 ml Erlenmeyer 
flask and 5 ml of concentrated HNOo was added. The flask v/as heated until 
the brown NO2 fumes had cleared from it. The digestion was completed with 
the dropwise addition of 2 ml of 30% h^C^- When the peroxide had dissipated 
the sample v/as washed quantitatively into a volumetric flask, made to volume 
with distilled wafer, and diluted to the appropriate concentration range for the 
atomic absorption spectrophotometric assay. 
pH determination. The pH of plant tissue was estimated by measurement 
of pH of expressed sap from leaf tissue. Leaf samples were macerated with a 
small quantity of acid washed quartz sand in a morter with a pestle. The 
mccerated tissue was squeezed through two layers of cheesecloth and the pH 
of the expressed sap v/as assayed with a Beckman combination electrode. 
Diamine analysis. The technique for the isolation of the diamines, 
putrescine and cadaverine, v/as based on that of Sinclair (61) with only minor 
modifications. The plant extract was applied to a strong cation exchange 
resin and the amino acids and diamines eluted from it by displacement chroma¬ 
tography. The amino acids were eluted first with aqueous ammonia and a 
solution of ammonium carbonate removed both diamines. In plants the diamines 
are present as salts. They were isolated as the free base and converted to the 
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nonvolatile dihydrochloride salt for storage. For the quantitative assay by gas 
chromatography the diamines were reconverted to their volatile free base form 
and injected into the chromatograph within 1 minute. Quantitative estimation 
refers to the diamines as their free base. 
Dowex 50W x 4 resin (200-400 mesh) was prepared by washing consecutively 
with 10% NaC! until neutral, distilled water until CT free, 2 N HCl until 
acidic, and distilled water until CT’ negative again. The chloride test was 
performed by adding 2 drops of 0.5 M AgNO^ to a small portion of the super¬ 
natant in a test tube. This cycle was repeated twice and the resin stored in 
the H' form in distilled water. An 8 cm x 1.2 mm glass tube was used to support 
a 2 cm resin column on a bed of glass wool and acid washed quartz sand. 
Each resin column was washed with 10 ml of distilled water before use. 
A dried, 70% ethanol extract of plant material was prepared for appli¬ 
cation ^o the resin column by extracting the residue twice with 5 ml of chloro¬ 
form. The residue was dissolved in chloroform and water and washed quanti¬ 
tatively inio a 125 ml separatory funnel. It was extracted twice with 5 ml 
portions of chloroform. The chloroform phase contained most of the chloro- 
phyllous material which resulted in an appreciable clearing of the aqueous 
phase. The chloroform extract did not contain a detectable amount of either 
putrescine or cadaverine . The aqueous phase was passed through the resin 
column at approximately 3 ml per minute by gravity flow and was washed inio 
the column v/ith 5 ml of distilled water. All cationic materials were adsoibcd 
by the resin, while anions and non-ionic substances passed through the resin. 
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Amino acids were eluted first with ]0 rn! of 4 N aqueous ammonia and 5 ml 
of distilled water. Putrescine and cadaverine were displaced with 40 ml of 
0.3 M ammonium carbonate followed by 5 ml of distilled water. The carbonate 
fraction was collected in a 150 ml beaker and boiled very gently until only 
10 mi remained. Normal hydrochloric acid was added until pH 5 was reached, 
and the evaporation was continued to dryness in an 80°C oven. Adding the 
hydrochloric acid converted the diamines to dihydrochloride salts which are 
not volati le. 
The quantitative assay of putrescine and cadaverine was completed by 
gas chromatography using a Varian-Aerograph (Model 600-D) fitted with a 
flame ionization detector and Esterline Angus Recorder (Model 328). The 
conditions for gas chromatography were published by Anon (3) and Burchfield 
and Storrs (19). The only modifications of the published conditions (3) 
employed were those necessary for the use of a flame ionization detector 
rather than a thermo! conductivity cell. The gas flow rates v/ere as follows: 
Air, 250 rnl/min; Hel ium, 25 ml/min; Hydrogen, 25m!/min. These con¬ 
ditions gave a lower detection limit of 1 [ig putrescine and 3 pg cadaverine. 
The adjusted retention times were 9. i minutes for putrescine and 21.0 
minutes for cadaverine. Standard curves for each amine are shown in Figure 2. 
Each point is an average of 10 determinaiions of a standard sample. In all 
cases the sample size was 2 pliters. By reference to the standerd curves the 
per cent recovery of the isolation procedure and .he concentration of diamines 
in plant extracts could be calculated. Thc recovery percentage was 84.5% 
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FIGURE 2 
RESPONSE OF THE GAS CHROMATOGRAPH TO INJECTIONS OF 
AUTHENTIC PUTRESCINE AND CADAVERINE 
24 
and all unknown samples were corrected for that loss. For the assay of a plant 
extract the residue containing the dihydrochloride salts of putrescine arid 
* . a v 
cadaverine was dissolved in 1 ml of 2% NaOH. This converted the salt forms 
to the volatile free amine bases and 2 p liters was injected into the chroma¬ 
tograph within 1 minute. Each chromatographic trace from plant material 
contained 4 clearly discernable peaks. Two of the peaks hacT adjusted retention 
times identical to authentic putrescine and cadaverine and were tentatively 
identified as putrescine and cadaverine. No attempt was made to identify the 
other unknown peaks which had a constant area of less than 10 square chart 
units. 
Exogenous Supply of Toxic Diamines and Related Compounds 
Selected compounds were assayed for their ability to produce stem lesions 
by supplying them to cut stem ends of tomato-and tobacco shoots. The following 
compounds were applied at the noted concentrations as aqueous solutions: 
Putrescine *2 HCl ICT^M, 10“^M, ICT'^M; Cadaverine -2 HCI 10 ~ M; 
Agmatine SO4 10“^M; Arginine HCI 10"^ M; Asparagine 10“^ M; Glycine 
10“2 M; Methionine 10~^ M; Pheny lalanine 10"^ M; (NH^^SOq. 10 ^ M. 
Visual symptoms were noted after exposure for 24 hours under greenhouse con¬ 
ditions. Compounds which did not produce lesions were also tested for a 
48 hour period. Plant materia! for these tests were tomato and tobacco axillary 
shoots cut from older plants and tomato seedlings. 
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Statistical Methods 
Statistical analysis of variance and Duncan's multiple range tests were 
performed by methods described by Steel and Torrie (68). A complete 
partitioning of treatment factors and interactions have been calculated 
where appropriate. The Duncan's multiple range test was completed on all 
data. Differences were tested at the 5% level of probability. Regression 
lines were fitted to additive data by the use of orthogonal polynomials. 
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RESULTS 
An experiment was designed to study the tolerance of some species of the 
Solanaceae to (NH^^SO/ application. A tabulation of the appearance of stem 
lesions among the species is shown in Table 1. Stem lesions analogous to those 
observed in tomato also appeared in eggplant at the higher ammonium treatment 
levels. The lesions on eggplant appeared after 10 days of ammonium treatment 
and are presented pictorially in Figure 3. They are similar to the lesions on 
tomato in that they appear first as darkened, water-soaked areas which become 
brown and necrotic. From an exterior view they seem to be limited to the stem 
surface and are not deep depresions. With the exceprion of the stem lesions, 
there was no other visible discoloration or necrosis of eggplant tissue. There 
were no visible toxicity symptoms In tobacco plants. Petunia and pepper plants 
d'd exhibit some toxicity symptoms. Petunia leaves were yellowed at fhe 
margins at higher (NH/^SO^ levels and pepper leaves were speckled with 
gray spots at the high ammonium level. The symptoms or. petunia and pepper 
appeared after 2 weeks of ammonium treatment. 
The fresh weight response of 6 week old tomato plants, 7 week old eggplant 
plants, and 10 week old tobacco, pepper, and petunia plants is shown in Figure 4 
The data was collected 21 days after the initiation of (NK .^SC^ treatments. 
Tomato was the most sensitive plant rested and exhibited the greatest- growth 
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restriction at high (NFb^SO^ levels. Tobacco was the most tolerant species 
tested and did net shov/ a significant restriction in fresh weight at higher ammonium 
treatment levels. The decrease in fresh weight of eggplant was insignificant but 
eggplant was susceptible to stem lesion formation. Petunia and pepper did show 
a significant decrease in fresh weight at the higher ammonium treatment levels 
but the decrease was not so great as that of tomato. 
At the end of the treatment period, plant material from each of the 5 species 
was subjected to a variety of analyses. The purpose of these analyses was to 
correlate some variable with the apparent toxicity and tolerance of-the species. 
The free ammonium concentration of the plants after treatment with 
(NH^SO^ is presented in Figure 5. As expected, the most sensitive species, 
tomato, had the highest ammonium concentration but unexpectedly the most 
tolerant species, tobacco, attained an ammonium level not significantly different 
from tomato on the basis of an orthogonal comparison. Eggplant, petunia, ana' 
pepper had a lower ammonium concentration in that order. There was c 
significant increase of in vivo ammonium wiih each increment increase of 
(NH^SO^ treatment in each species. With the exception of tobacco visible 
injury appeared when the internal ammonium concentration exceeded 0.3 - 
0.35 mg ammonium-N/g fr. wt. 
The amide-nitrogen concentration of each species after (NFMoSO/ 
treatment is shown in Figure 6. Amide-N concentration had the widest range 
of all the nitrogen fractions analyzed. Tomato, a lesion forming plant, had 
trie hirhosr concentration of amide-nitrogen. This was not true bar eggplant as 
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its amide level was significantly less than tobacco at the highest NH4 treatment 
level. Pepper contained a significantly lower concentration of amide-nitrogen 
at all levels of (NH^)pSO^ application. As with ammonium concentration, the 
application of Nrl^ increased the amide concentration of each species. 
The relative concentrations of amino-nitrogen among the Solanaceae 
species at the conclusion of the experiment is shown in Figure 7. The appli¬ 
cation of (NH^SO^ significantly increased the relative amino-nitrogen concen¬ 
tration of each species but there is no apparent relationship between the relative 
amino-nitrogen concentration and the sensitivity of the species to the appli¬ 
cation of (NH^SO^. 
Dried plant material v/as analyzed for total nitrogen and potassium concen¬ 
trations. The results of these determinations are presented in Tables 2 and 3. 
The total nitrogen concentration (Table 2) was significantly increased in each 
species with (NH^^SOy application. With the exception of tomato having a 
significantly higher nitrogen concentration than the other species there is very 
little difference among the species. Results, in Table 3 show that the potassium 
concentration decreased with the application of 0.02 N (NH^'^SO^ in all 
species except petunia. Increasing the NUl treatment level caused no further 
depression of potassium concentration. 
An ammonium : potassium ratio on an equivalent basis was calculated for 
each species al every treatment level from the ammonium and potassium concen¬ 
trations of fresh weight tissue. These results are presented in Table 4. The ratio 
increases with increasing c.mmonium treatment level in each species. In species 
2? 
TABLE 1 
THE INFLUENCE OF (NH4)2S04 APPLICATION ON 1 HE APPEARANCE 
OF STEM LESIONS AMONG SEVERAL SOLANACEAE SPECIES 
+ 
NH^ level Tobacco Tomato Eggplant Pepper Petunia 
(eq./l) 
0 - 
0.02 + 
0.04 “ .* + + - - 
0.08 + + 
+ indicates the presence of stem lesions 
- indicates the absence of stem lesions 
FIGURE 3 
THE APPEARANCE OF (NPi4)2$04 INDUCED STEM LESIONS ON EGGPLANT 
(SOLANUM ME LON GENA VAR. ESCULENTUM) 
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FIGURE 4 
THE INFLUENCE OF (NH4)2S04 APPLICATION ON THE FRESH WEIGHT 
OF SELECTED SOLANACEAF. SPECIES 
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FIGURE 5 
THE EFFECTS OF (NH4)2S04 TREATMENTS IN SELECTED SOLANACEAE 
SPECIES ON THE AMMONIUM CONCENTRATION OF LEAF SAMPLES 
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FIGURE 6 
THE AMIDE-NITROGEN CONCENTRATION OF LEAF SAMPLES FROM 
SELECTED SOLANACEAE SPECIES AFTER (NH4)2S04 TREATMENT 
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FIGURE 7 
THE RELATIVE AMINO-NITROGEN CONCENTRATION OF LEAF SAMPLES 
FROM SELECTED SOLANACEAE AFTER (NH4)2S04 TREATMENT 
34 
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where Hie stem lesions hove been observed ihe lesions form when the ammonium : 
potassium ratio ic 0.375 or above. However, species which have not been 
observed to form stem lesions have an ammonium : potassium ratio in excess of 
0.375. 
In an attempt to explain the extremely high, yet nontoxic, ammonium 
concentration in tobacco, an experiment was designed to assay The concentration 
of ammonia in the expressed sap from tobacco and tomato leaves. If the pH of 
the sap from tobacco were sufficiently lower than that of tomato the tolerance 
of tobacco to ammonium might be due to a lower ammonia concentration. 
This would coincide with the hypothesis of Vines and Wedding (80) that the 
ammonia molecule is the toxic agent in ammonium toxicity. 
The ammonia concentration was obtained by calculation from the total 
ammonium concentration and the pH of expressed sap from the leaf samples. 
A dissociation constant of 1.8 x 10**^ was used. 
The results of the experiment measuring ammonium concentration and the 
pH of expressed leaf sap are show'n in Table 5. The ammonium concentration 
of tobacco and tomato show no significant differences. The discrepancy between 
these ammonium curves and the ammonium curves in Figure 5 can best be 
explained by the effect of the environment. This experiment was conducted 
during the v/inter under less than optimal conditions which could lead to a 
lower ammonium accumulation. The lower accumulation was reflected in the 
time required to produce stem lesions on tomato. In the previous experiment 
lesions appeared after 4 days of treatment with 0.04 N (NH^^F-O^. In this 
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experiment 7 days were required to produce lesions in the 0.04 N (NH^^SO^ 
treatment. Nevertheless, both species have the same ammonium concentration 
at the high ammonium treatment level. Also, both species have the same pattern 
in response of the pH of expressed leaf sap to increasing ammonium concentration. 
As the ammonium concentration of the tissue increases 20-fcId the pH of the sap 
rises and then decreases to a level not statistically different from that of the 
treatment which did not receive any nitrogen. At each ammonium level the 
pH of tobacco sap was statistically higher than tomato sap. 
The ammonia concentration of both tobacco and tomato is much lower than 
_C / 
the Grnmcnium concentration and Is in the range of 10 to 10 ° molar. The 
ammonia concentration increases significantly with increasing ammonium treatment 
levels. At each ammonium treatment the ammonia concentration of tobacco is 
significantly higher than the ammonia concentration of tomato. 
The results of an experiment designed to test the effect of potassium on 
ammonium and amide concentrations in tobacco and tomato are presented in 
Table 6. Potassium treatments decreased the ammonium concentration in tomato 
ieaf samples treated with 0.04 N and 0.08 N (NH^)2SO^ but- increased the 
ammonium concentration of tobacco leaf samples at the same (NH/^SO^ 
treatment levels. The addition of potassium had no significant effect on the 
amide concentration of tobacco but significantly lov/ered the amide nitrogen 
concentration of tomato leaf samples at all treatment levels. The potassium 
application was effective in preventing the formation of stem lesions ot the 
0.02 N (NH^^SO^j treatment. 
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A grafting and sampling experiment was conducted with tomato and tobacco 
plants. Differences in ammonium and amide concentrations among leaf samples 
of different ages from the same plant were recorded. B/ making reciprocal 
grafts between the species any alteration in the respective ammonium sensitivity 
or tolerance of tomato and tobacco induced by the graft could be observed. 
Sampling different stem tissues would reveal any influence of the iarge pith 
in the tobacco stem on the lesion formation . 
The results of this experiment are presented in Table 7. The concentration 
of both ammonium and amides is significantly higher in the younger leaf samples 
from tomato and tobacco. The concentration of ammonium in the tobacco stem 
is not significantly different than that of the lower leaf tissue but the stem has 
a higher concentration of amide nitrogen. In the tobacco stem pith the conceri- 
tration of ammonium and amide nitrogen is much lower than in the external stem 
tissues. The concentration of ammonium and amide nitrogen in the external stem 
tissues are significantly higher than those in lower tobacco leaves. The concen¬ 
tration of ammonium and amides in the tomato stem is significantly higher than 
the concentration of either in the tobacco stem sample. 
When reciprocal grafts were made there were alterations in the ammonium 
and amide nitrogen concentrations. Scions had a significantly higher concen¬ 
tration of ammonium and amide nitrogen than the respective stock tissue. 
V'/hen tobacco was used as the scion on a tomato stock the ammonium concen¬ 
tration was significantly increased without the appearance of lesions In the 
tobacco tissue. AM tomato tissue had stern lesions present. When tomato tissue 
TABLE 7 
AMMONIUM AND AMIDE CONCENTRATIONS OF PLANT LEAF SAMPLES 
FROM NORMAL AND GRAFTED TOMATO AND TOBACCO PLANTS 
AFTER TREATMENT WITH 0.08 N _(NH4)2S04 
Sample Ammonium Amides 
Ungrafted Plants (mg N/g fr. wt.) 
Tomato lower leaves 1.221 d . 784 c 
Tomato upper leaves 2.944 f 2.458 g 
Tobacco lower leaves .525 b .246 a 
Tobacco upper leaves 1.015 cd 1.344 e 
Tomato stem 1.075 d 1.523 f 
Tobacco stem (pith) .282 a .349ab 
(external tissues) . 860 c 1.120 d 
Grafted Plants 
Tobacco scion leaves 3.037 f 1.381 ef 
Tomato stock leaves 2.122 e .502 b 
Tomato scion leaves .493 b .685 c 
Tobacco stock leaves . 308 a .397 b 
Means within a column nor followed by the same letter are significantly 
different cl the 5 per cent level of probability. 
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was grown on a tobacco stock there was a significant reduction in the concen¬ 
tration of ammonium and amide nitrogen when compared to the respective ungrcfted 
tomato tissue. 
The concentrations of putrescine and cadaverine v/ere measured following 
variable ammonium and potassium treatments in tobacco and tomato leaf tissue. 
The results presented in Table 8 show that both putrescine and cadaverine concen¬ 
trations are increased with increments of (NH^^SO^ application. The addition 
of potassium decreased the putrescine concentration of tobacco leaves but had 
no effect in tomato leaves. -'Potassium application increased the concentration 
of cadaverine in both tobacco and tomato leaves. At high ammonium treatment 
levels tomato leaf samples had a significantly higher concentration of putrescine 
and cadaverine than did tobacco leaves. 
The toxicity of some naturally occurring diamines and some selected 
related compounds were evaluated by supplying them in aqueous solutions to 
cut stem ends of tomato and tobacco shoots in the greenhouse. The results 
presented in Tables 9 and 10 show that putrescine supplied in this manner as 
the * 2 HCi salt is capable of producing a stem lesion analogous to those formed 
with (NH^SO^ tert ilization . The lesion is also formed on the tobacco stem 
which has not exhibited this capability previously and is shown pictorial ly in 
Figure S. The lesion formed in the presence as well as in the absence of potassium 
in both plants. Cadaverine and agmctine were toxic to the plant material and 
caused a severe burning of leaves but the distinct stem lesions were not observed. 
The application of ammonium sulfate and randomly selected amino ccids were 
44 
not toxic at the same concentration. All attempts to use seedling plant materia! 
proved negative. Nicotine was also toxic to tomato tissue but lesions did not form. 
Nicotine was not toxic to tobacco shoots. 
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TABLE 9 
THF. EFFECT OF DIaMINES AND 
LESION FORMATION 
RELATED COMPOUNDS 
IN TOMATO SHOOTS 
ON STEM 
Treatment Solution Concentration (M) * Lesions 
Water - 
(NH4)2so4 10"2 - 
Putrescine * 2 HCI 10"2 + 
Putrescine * 2 HCI 10"3 - 
Putrescine *2 HC! 1CT4 - 
Putrescine * 2 HCI + K 10"2 4- 1 
Caclaverine * 2 HCI 10~2 - 
Agmatine SO^ 1CT2 - 
Arginine icr2 - 
Asparagine 10~2 - 
Gl/cine 1CT2 - 
Methionine 10“2 - 
Phenylalanine icr2 - 
Nicotine SO^ icr2 - 
47 
TABLE 10 
THE EFFECT OF DIAMINES AND RELATED COMPOUNDS ON STEM 
LESION FORMATION IN TOBACCO SHOOTS 
Treatment Solution Concentration (M) Lesions 
Water — 
(nh4)2so4 10~2 - 
Putrescine * 2 HCI 10~2 + 
Putrescine *2 HCI + K 10"2 + 
Cadaverine * 2 HCI 10“2 - 
Agmatine SO^ icr2 - 
Nicotine SO^ 10"2 - 
FIGURE 8 
PUTRESCiNE INDUCED STEM LESiONS ON TOMATO AND TOBACCO 
(10“2M PUTRESCIME *2 HCI FOR 20 HOURS) 
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DISCUSSION 
Many of the results from the study involving five species from ihe 
Solanaceae illustrate the great diversity in this family. However, some of 
* 
the results are definite contributions in elucidating a more direct cause of 
stem lesion formation than (NH^^SO^ fertilization. For example, the 
formation of stern lesions in eggplant as shown in Table 1 and Figure 3 means 
that neither the lesions nor their causal agent are limited to the Lycopersicon 
genus. It could also indicate that other genera in the Solanaceae might form 
lesions if the unknown causal aaent could be induced to form in a concentration 
SmS 
high enough to be toxic. The lack of lesion formation in some genera indicates 
either the absence of the causa! agent or a tolerance toward it. 
The fresh weight data in Figure 4 shows that torncto is the most sensitive 
species to ammonium toxicity that was tested and that iobacco is the most 
tolerant species tested. This finding is not entirely without substantiation in 
the literature. Maynard et al. (42, 43) have reported on the sensitivity of the 
tomato to ammonium nutrition since the discovery of the lesion symptom. 
The tolerance of tobacco has not been reported before but workers at North 
Carolina have concluded, after a review of work conducted at North Carolina, 
Georgia, and Virginia, that tobacco exhibits no preference to the form of 
nitrogen nuMtion (77). Workers in Connecticut (2) however, reject ammonium 
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sulfate as a nitrogen source for shade tobacco on the basis of leaf quality. 
The leaves grov/n with ammonium nutrition were much darker and had a slower 
burn rate. 
The ammonium accumulation curves in Fiaure 4 are the first direct evidence 
sJ 
that tobacco plants possess tolerance to the ammonium ion. The maximum 
ammonium concentration in tomato is of the same magnitude as that reported 
by Maynard et al. (42) and may be inflated somewhat by the inescapable 
inclusion of necrotic tissue in the fresh weight sample. Tobacco attains a 
maximum concentration slightly but not significantly different from tomato 
without any visible tissue damage. This suggests that the ammonium ion per se 
is not the causal agent for stem lesion formation and that the ammonium 
accumulation curve is not a true measure of the causal agent. In view of the 
high ammonium concentration of tobacco tissue the tolerance mechanism for 
tobacco is probably different from the one proposed by Maynard et al. (41) 
for onions. The ammonium concentration in onion leaves remained at a Sow 
level due to the conversion of ammonium to amides or other organic nitrogenous 
compounds. These experiments supplied a much higher exogenous ammonium 
level than was used in the onion experiments and probably saturated the 
detoxification reactions which convert ammonium to organic compounds. 
The ammonium : potassium ratios presented in Table 4 are in partial agree¬ 
ment with the literature. Barker et al. (11) report that in tomato ihe lesions 
are formed when the ratio exceeds 0.25. This is true for these experiments in 
the tomato and eggplant species where lesions form. However, in other species 
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lesions did not form but the ammonium : potassium ratio exceeded 0.25 in all but 
one observation. 
Vines and Wedding (80) have postulated a mechanism for ammonium toxicity 
based on the ammonia molecule rather than the ammonium ion. These studies 
made an attempt to adapt this proposal to stem lesion formation. The data shown 
in Table 5 indicates that the ammonia concentration in the expressed sap from 
tobacco is higher than that of the expressed sap from tomato. Thus, it is unlikely 
that the ammonia molecule is responsible for the siem lesion formation since 
stem lesions did not occur in tobacco. 
Potassium has opposite effects in tomato and tobacco on the accumulation 
of ammonium and amides. The effect in tomato v/as previously reported by 
Barker et al. (11) where potassium application decreases the ammonium and 
amide concentrations. This response occurred in these experiments in tomato. 
In tobacco, the same level of potassium that decreased ammonium and amide 
concentrations in tomato increased the ammonium concentration and had no 
effect on the amide concentration. This effect is not typical of the effects 
of potassium on ammonium assimilation (1, 9, 11, 27, 31, 32). It appears that 
the removal of potassium deficiency conditions from the culture media allows 
tobacco to make even more effective use of the nitrogen which is available. 
The high but nontoxic level of ammonium in tobacco again substantiates the 
observation that tobacco is tolerant of the ammonium ion. 
The sampling experiment shows a higher concentration ammonium and 
amides in younger tissue of both tomato and tobacco. This is probably due to 
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the higher metabolic rate of younger tissue. Ammonium could be translocated 
to the more active metabolic regions of the plant for conversion io the amides 
and amino acids used in further metabolism. Stem samples show that the 
ammonium concentration in the exiernal stem tissues of tobacco is very nearly 
the same as in the tomato stem. The low ammonium concentration of the tobacco 
stem pith indicates that ammonium is not being accumulated in the pith to such 
an extent that the external portions do not have a sufficiently high concentration 
of ammonium io form stem lesions. The slightly lower ammonium concentration 
of the tobacco external stem tissues when compared to the tomato stem might 
be due to a dilution effect caused by the pith. The similarity of ammonium 
and amide concentrations when comparing leaf and stem samples of the same 
species validates the use of leaf samples when monitoring the conditions for 
the appearance of a stem lesion. In ihe grafting experiments, the tobacco 
plant exhibited a higher capability for maintaining the in vivo ammonium 
concentration at a lower level than tomato. This is indicated by the lowering 
of the ammonium concentration of a tomato scion grown on a tobacco stock. 
The presence of a tobacco stock might have eliminated lesion formation in 
the tomato scion had the ammonium treatment level been lower. In these 
experiments the stem lesions developed on the tomato scion because the 
tobacco could not metabolize enough of the ammonium to keep the in viva 
ammonium concentration in tomato below 0.35 mg NH^ - N/g fr. wt. 
This concentration is sufficient to induce stem lesion formation in tomato. 
The diamines are nitrogenous compounds which might respond to increasing 
ammonium nutrition. At least one diamine, putrescine, is known to be toxic to 
plant material (55, 56) and the biosynthesis is controlled by potassium (55, 56, 
58, 6 1, 62, 63, 64, 65, 66). From the data in Table 8 it can be seen that the 
diamines putrescine and cadaverine do increase with ammonium application and 
that potassium controls the putrescine concentration in tobacco. With the 
finding (Tables 9 and 10) that putrescine is a causal agent in stem lesion 
formation the metabolism relating to lesion formation becomes clear. Putrescine 
is synthesized from arginine as shown in Figure 1 (65). Arginine is an important 
basic amino acid that increases in concentration when ammonium is being 
metabolized (73). The level of potassium could control the activity in the 
pathway by regulation at the amidohydrolase enzyme. It has been shown that 
a potassium deficiency can activate this enzyme (64). 
The observation that putrescine does not increase with each increment of 
ammonium application in tomato (Table 8) can be explained by the sampling 
technique. In an effort to get valid fresh weight samples the necrotic tissue 
was purposely avoided and this could deflate any putrescine value. The deflated 
values could also explain any lack of control by potassium. If the highest 
putrescine concentrations v/ere not observed a decrease in concentration by 
potassium would not be obvious. 
it could also be postulated that the potassium application was insufficient 
to affect the puiiescine concentration or that, in tomato, the ammonium ion v/ill 
stimulate the synthesis of putrescine in the presence of potassium. With respect 
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to these explanations it should be noted that the potassium application provided 
at total amount of potassium in excess of that used by Smith and Richards (65). 
The potassium application was sufficient to decrease the ammonium concentration 
of tomato plants (Table 6) arid did prevent the formation of stem lesions on tomato 
plants receiving 0.02 N (NH^^SO^. At the 0.02 N ammonium treatment level 
the putrescine concentration was reduced slightly but insignificantly. There is 
no evidence to support the hypothesis that putrescine synthesis could be stimulated 
by the ammonium ion in the presence of potassium. The evaluation of this concept 
would depend on enzyme activation studies that were noi a pari of this study. 
One observation yet to be explained is the tolerance of the tobacco tissue. 
Table 8 shows that the concentrations of diamines are not as high -in tobacco as 
they are in tomato at the high ammonium treatment level. There are at least 
two possible explanations for these results. First, the diamines, putrescine and 
cadaverine, may have a reduced rate of synthesis, or secondly, tobacco may be 
able to utilize the diamines in the synthesis of some other organic compound. 
This author favors the latter explanation and it is postulated that tobacco utilizes 
the toxic diamine, putrescine, in the synthesis of nicotine so that the putrescine 
concentration does not exceed the toxicity threshold. 
Nicotine is synthesized as in Figure 9 (57). I.eete (39) has shown putrescine 
to be an effective donor of the pyrrolidine ring for nicotine and Yoshida and 
Mitake (92) found that agmatine and N-carbamylputrescine are intermediates in 
the synthesis of nicotine. These findings link putrescine to the formation of nicotine 
and support a detoxification role for nicotine formation in tobacco. The results 
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in Table 10 and Figure 8 show that putrescine is ioxic to lobacco tissue when 
the concentration is sufficiently high or the supply loo great to be converted to 
nicotine. The application of putrescine to excised tobacco shoots by-passed 
the roots where nicotine synthesis occurs and this may account for the appearance 
of lesions when putrescine was applied exogenously. 
Observations by this author cannot unequivocally eliminate the participation 
of the diamines, agmatine and cadaverine-, from stem lesion formation. Agmatine 
could function through conversion to putrescine and have the same tolerance 
mechanism in tobacco. Cadaverine is obviously not controlled by potassium as 
shown in Table 8 but a tolerance mechanism in tobacco would be very similar to 
the one for putrescine. Anabasine is another tobacco alkaloid and differs only 
from nicotine in the presence of a 6 membered ring that could be derived from 
cadaverine with action of diarnine oxidase. 
The author does not postulate or mean to infer that putrescine is responsible 
for any other ammonium toxicity symptom than the stem lesion observed on tomato 
and possibly eggplant. There are ammonium toxicity symptoms which occur in 
the presence of potassium (15, 41) and there is no evidence that the synthesis of 
putrescine in the presence of potassium is enhanced by ammonium nutrition. 
One of the facts that makes the putrescine explanation plausible in the case 
of stem lesion formation is that the lesions are not solely an ammonium toxicity 
symptom but form only when the ammonium toxicity is compounded by a potassium 
shortage (11). 
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SUMMARY 
Studies were conducted to investigate the ammonium tolerance among 
cultivated species in the Solanaceae family. The following results were 
obtained: 
1) Stem lesions analogous to those induced on tomato by ammonium sulfate 
fertilization also formed on eggplant with the same stimulus. 
2) Tobacco had the greatest tolerance to the ammonium ion of the plants 
tested. 
3) The tolerance of tobacco could not be explained on the basis of a low 
in vivo concentration of ammonium or ammonia. 
4) The diamines, putrescine and cadaverine, were observed to increase 
with ammonium sulfate fertilization. 
5) Stem lesions analogous to those induced by ammonium sulfate fertilization 
were induced by supplying putrescine to cut stem shoots of tomato and tobacco. 
6) It is postulated that the ammonium tolerance of tobacco is related to its 
ability to detoxify putrescine by its utilization in the synthesis of nicotine. 
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